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I. introduction 


The Phase in and IV work to be discussed in this report is a part of 
the sequence of studies ( x ) of the photoemission of materials which might 
be used in probe measurements of the exo-atmospheric electric field. It 
was recognized in the earlier phases that a serious error in the probe 
measurement could result from an imbalance in photoemission from the 
two antennae. One can easily imagine one antenna probe being exposed -o 
direct sunlight while the other is partially shaded by the vehicle. The fact 
that the photocurrents are unequal would appear as a voltage comparable 
to the potential difference which is sought. As a technique to minimize » 
this problem, one can seek materials and coating which emit- the smallest 
photocurrent. 


Tasks of Phase I and H were to measure the relative total photoemission 
from samples of several engineering materials. These data together with 
the results of contact potential measurements were to be used in the selection 
of preferred materials for probe fabrication. 


A theoretical task in Phase II examined the mechanisms of photoemission 
ae postulated by Fowler ( a ) and Hinteregger ( 3 ) and the expressions for photo- 
electric yield which resulted from, these two different theories. As part of 
Phase II, the impact of these theories upon the problem of emission minimi- 
zation was examined. It was found that the theories did not give a complete 
picture of the photoelectric yield and that a gap in the predictions of the two 
theories fell just where the solar spectral curve rose most steeply. One 
should* therefore, study not only, the total emitted current as was done in 
Phases I and II but also examine the yield spectrum in detail over a wide range 
of incident photon energies. 


Phase m has been a two-pronged study of the wavelength dependence of 

photoelectric yield. In the next section of this report the results of a literature 

survey will-be presented. The absolute yield data for eleven materials as a 
' w r t 11 *..*1 r a Tier a 800 to 


survey wui-oe ufcocmcu* ***« ~ : OAr > 

function of wavelength has been collected and plotted over the range 800 to 
3200 JL Section III will describe modifications which have been made to the 


3ZUU A. oecnon xu wxu - - , A 

experimental apparatus at Avco-to aUow the measurement of relative yie.d 

a?a function of wavelength over the range 2000 to 4000 L The *•"£*• °* 
measurements made With some of the sarnfAes-used in the earlier phases are 
given. In the final sections of this xeport the yield data will be evaluated in 
terms of the solar spectrum and figures of merit will be developed. 


Additional experimental measurements have been added to the •*udy as 
Phase IV. The results of these measurements have been Integrated into ‘he 
final report which had been written for Phase HI; this- report is the resulting 
d scument. 








H ABSOLUTE PHOTOELECTRIC YIELD 


The absolute photoelectric yield of a material is the number c 
photoelectrons emitted from the material divided by the nu ^l b * ™ ater ial 
photons, of a particular energy, incident upon the surface of the ™ a 
Some authors will correct for reflection losses and use the 
photons absorbed. For this study of the effect of solar radiation, 
incident number i* the more realistic definition. 

The search for yield data in the literature has nroduced several 

uitr.vi.ut < * 1... 1 wh ** ^ »•••£** 

of the yield plots and the reference citations. Where-no- data was foun , 
a dotted line in the figures indicates extrapolation. 

The first group of figures (1-4) includes the £ re ®'®J e /*J' 
metals. They all exhibit yields at the longer wavelengths (~ 3000 A). 

Silver ttold^and platinum show an inflection point or cusp. This is in e 
preted as indicating the presence of impurities in the sample such as 
surface contamination. 

The refractory metal., tungsten and tantalum. and Mc^l (Figures 
5-7) show a cut-off for the 4 eld curve between 2200 and 2500 A. 

Certain materials are found to have yield curves (Figure 8-11) that 
a teenlv v-uttina off at 200 cTa or less. Aluminum, cadmium, 
andelnc from groups two and three of the periodic table together wit 
copper -beryllium, an alloy, are <n this class. 

of its formation. It turns out that these mine samples (as well a " ° ® 
alirminur^and cadmium .ample. reported In the ..me Tcan 
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TABLE I 

v.ELD DATA SOUS CES 


material 

Aluminum 

Cadmium 

Copper 

Copper- Beryllium 
Gold 

Nickel 

Platinum 

Silver 

Tantalum 

Tungsten 

Zinc 


FIGURE 

8 


9 

1 


11 

8 


S 

4 


2 


6 

7 


10 


WAVELENGTH BAND REFERENCE 


800-1200 

(4) 

800-1440 

(5) 

1000-1600 

(6) 

800-1440 

(*) 

900-1800 

(6) 

800-1200 

(4) 

800-1400 

(7) 

900-2000 

(6) 

900-1500 

(4) 

800-1200 

(4) 

800-1440 

(5) 

800-1000 

(7) 

2250-2750 

(8) 

800-1300 

(4) (7) 

800-1900 

(6) 


800-1200 
800-1400 
800-2000 
2280-27S0 
2000-2 500 

800-1400 

950-1200 

800-1000 

2250-2950 

900-2000 

900-1600 

800-1000 

800-1300 

800-1600 

1000-1400 

600-1200 

900-1700 

2300-2800 


( 4 ) 

(7) 

( 6 ) 

( 8 ) 

(9) 

(5) 

(4) 

(7) 

( 8 ) 

( 6 ) 

( 6 ) 

(7) 

(4) 

( 6 ) 

( 10 ) 

(4) 

( 6 ) 

(11) (see 
text) 
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Absolute Yield electrons /photon 
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in. EXPERIMENTAL STUDY 
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i? 

H 


I 
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The basic apparatus used for the measurement of photoemission 
has been described in earlier reports ( ). The modifications necessary 
to make yield measurements as a function of wavelength are included in 
Figure 12. The same high-pressure mercury arc lamp is used as the 
light source. A Bausch and juomb monochromator has been inserted in 
the optical path between the quart* focussing lens and the sapphire 
window of the vacuum chamber. For these measurements the shutter, 
used in Phase II to produce light pulses, is not used. The samples 
which have been tested are all electrical conductors, therefore, the 
complications of pulse measurements can be avoided. 


The steady state photocurrent is collected by the plate which is 
biased at +45 volts by the potentiometer R and a battery. After being 
amplified, this current is displayed on a rtrip- chart recorder. By 
starting the wavelength drive of the monochromator one can trace out 
a curve of photocurrent versus wavelength with the recorder. Figure 
shows the observed potoemission current from a zinc sample. (The spiKe 
at 4300 A is due to noise as is the disturbance at 3600 A). 


To convert the measured photocurrent to relative yield, it must be 
normalized by dividing it, point -by -point, by the *^ative 4 8 *®f**®*, ^he 
intensity. To measure the lamp output a photomultiplier is placed at the 
exit slit of the monochromator (Figure 14). The window of the photo- 
multiplier is coated with sodium salicylate phosphor to extend the sensitivity 
into the ultraviolet. The output of the photomulitplier passes through a 
logarithmic voltage compressor and can be plotted on a recorder as a 
function of wavelength. A lamp calibration curve taken in this manner is 

shown in Figure 15. 


In Phase m, measurements of the relative yield of the eight material 
listed in Table II were made-as a function of wavelength. Data of the type 
shown in Figure 13 have been normalized by the appropriate lamp spectrum. 
The normalized-experimental points are plotted in Figures \ 6 ; 2 J’^ e8e 
data have also been compared with the values of absolute yield which have 
been reported from the literature. A scaling factor has 

will bring the Avco data for gold and silver- -into agreement with the curves in 
Figures 3 and 2 respectively, the dotted curves in Figures 16-22 represent 
fh^“ rv.. in Fi^r, P . 3. 2.1. 6. 7. 10. and 11 all multiplied by th. aam. 
scaling factor. 


The experimental procedure for the msasurements made in Phase I 
was identical to the procedure, already described, used In Phase m. The 
objective of Phase IV was to measure the relative photoele^ric yield of 
three classes of materials: alloys, coated dielectrics, and graphite. A 
complete listing of the Phase IV test materials is given in Table III. 
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FIGURE 12 . EXPERIMENTAL APPARATUS 












TABLE II 

TEST MATERIALS - PHASE 111 

Carbon 

Copper 

Copper - Beryllium 
Gold 

Silver (3 sampled) 

Tantalum 

Tungsten (2 samples) 

Zinc (2 samples) 


•20 








Photoelectric Yield - Arbitrary Units 
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TABLE m 

TEST MATERIALS - PHASE IV 
SILVER 

COPPER -BERYLLIUM 
PHOSPHOR BRONZE 
ALUMINUM BRONZE 

GLASS (GOLD COATINGS 25, 50, 75, 150, 
300, and 600 1 THICK) 

STAINLESS STEEL, TYPE 304 

GRAPHITE 


29 


4 


Phosphor bronze, aluminum bronze,, and type 304 stainless steel 
allovs were chosen as typical or potential space craft probe materials. 

The results of these measurements show that,- relative to go or ® ^er, 
these alloys have very low yields and total solar emissions. The expert 
mental values for yield are shown in Figures 24-26. 

Measurements of emission-from copper -beryllium and silver samples 
_ _ i n phase IV. This was done to allow correlations to be made 

between all’ of the Phase IV data and, the earlier results. In 

new data the yield of silver at 2500 A has been set equal to 8. 3x10 electron 

per photon, the value reported in Phase III. 

The scaling factor for silver at 2500 l was then used to correct the 

yields for eachbf the other samples in the test run. For Figures 

the yield curves for silver and beryllium -copper are presented in Figure 

27-28. 

Carbon (graphite), paint samples were included in the Phase in study. 
However, it has been subsequently learned that this type of sample does 
exhibit an aging effect in air. For this reason graphite meas " r f^.t“ t 
havebeen repeated in Phase IV. Particular attention was paid to the 
handling of these samples. After preparation at GSFC the paint samp le _ 
were sealed in tubes which had been flushed with dry nitrogen. Upon re 
ceipt of the samples at -Avco, transfer was made to the vacuum- chamber 
and the measurements commenced. Less than one wee e a P ® 29 shows 

the sample preparation and the first set of measurements. Figure 29 show 
the yield data for graphite paint as measured in Phase IV. 

A new technique was proposed-for the measurement of the JP^oto- 
emission of dielectrics. The emission of a thick layer of gold on a glass 
substrate is easily measured. It was postulated that the e *'^ a *°? d t0 
zero thickness of emission measurements on successively thinner gold 
films would give a measure of the emission of the uncoated glass. This 
procedure has been followed using evaporated fUms °* g°* d 
and 25 Angstrom thick. Four samples- of each of six thicknesses we e 
measured 8 and-each measurement was repeated three or four times. Thu 
95 separate yield versus wavelength curves wwe generated, to the analy 
of this body of data the questton-to be answered was: could a variation in 
yield be associated with film thickness as proposed in this technique. 

The vield data as a function of film thickness has been replotted for 
three Tele c te d wa velength e . In the.ejlot. (Figure. •*»*“ 
value and the extrema of the measured and-normalized ideld ® 

shown. Two curves have been drawn in these figures. If the . _ 

dependence on thickness over the thickness ran 8 e °* thla e Salttt C lir!es 
constant yield value would be found as represented by ^*1***^'*^ 
There would seem, however, to be-an indication of an iq> n i th 
at thicknesses less than 75 Angstrom. A curve has been drawn to reueci 
this observation. This trend can be seen in the integrated solar emissi 
which will be discussed in a later section. 
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IV. mateptat.s evaluation 


In the previous sections we ha J 1 * terlalt / These data suggest 
at Avco and elsewhere for a v^ y fabrication of electric 

which materials would be preferred for tbe tao gure to solar 

field probes. The of merit * ™ 8 ValUC ^ 

S££Sk STT£.“ &ZZ ^ 


A plot of the solar 

Figure 33. The large fluctuations “J® * * s ® ith the Lyman- a 

together with the line .tructure w ic energy density per unit 

line at 1215 A* One per ^wavelength. This 

r^oftotu The Vta are taken front Keferenc. 13 


Now if we multiply a V lel *iJ“£ ^^'pS-by-point, we wUl obtain 
the solar photon flux spectrum (F*g ur wavelength versus wavelength, 

a plot of photoemitted electron . flux gives the t0 J^ 
Integration of this curve over * ® sauare centimeter per second. This 

rib££5£ comparative evaluation of 

material! for the field probe application. 


A computer code has been written to^arry out in a dialect 

of peodlar 0 ^ th^ ahar e|Vf s^em^us e d am* lor 7 3) . 

.h!>Sd not prevent the reader from follows 

ing the calculation method. 


5 — - 

Table IV presents the results platinum and gold. 

The value of this method can be seen i region of high yield (up to 

Although the yield curves are identical in the region g y reater than that 

about 1200 l)\ the total emission <* a region where the yield is two 

of gold. This is due to variations in • yi . ®it is inadequate, therefore, 

to three decades lower than the maximum luat i n g materials. It is also 

to look only at the peak ^^mtt^emUsio^ experimentally using a light source 
insufficient to measure the total emission y 

spectrally different from the sun. 


rany 

The detailed re.ulf. of the calculation ere reproduced in Appen x . 
In those tabulations the columns are: 


1 ) 

2 ) 

3 ) 
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TABLE IV 


TOTAL PHOTOCUB BENT - PHASE 111 


Aluminum 

Electrons cm 
1.62 x 10 10 

Cadmium 

1.05 x 10 10 

Copper 

2.33 x 10 10 

Q 

Copper-Beryllium 

6.89 x 10 

Gold 

4.51 x 10 10 

Nickel 

1 0 

1.02 x 10 

Platinum 

.11 

1. 44 x 10 

Silver 

11 

1. 13 x 10 

Tantalum 

1.50 x 10 10 

Tungsten 

1.08 x 10 10 

Zinc 

9.63 x 10 


4) The emle.ion per *»*•*«“ coluin „ 3 . 

5) The total emission,, i. e. , a running vul ' aJ ' 

A slightly different procedure was used in the 

Phase IV resets than had been used J*^ l °^Uahed sources and expended 
values for absolute yield. were taken f * m P ^ f inUgra tion 

weH into the- vacuum ultraviolet. In Phase IV tne r g d J ta uaed 

was between 2000 and 3500 . ^‘silver JtZBOOWs previously 

were the values normalize w P make direct comparisons between 

“^s g^e^^^^^e^V^a^the Ph^^^^e* olts wLh are listed 

in Table V. 

slA isirffS. 
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5. ‘^S2T!SS!S!^ “S.-^-™- — — — - 

expression 


I = Y (X) F (X) d X 

where 

Y (X) is the yield 
F (X) is the solar photon flux 

should be evaluated for each caudate "?le" ?£?b2 “Le 

-e S the highest photoemls.lone 

when exposed to solar radiation* 

Further insight into the importance of- the form of the 
i. gai“^ “ pfot of the -WJt-UJJ %tl 

a. a function of that value. Such a plot 1. given ^a dmtum^ J aterl al. 

in Figure 36. A *»to»«. If S? to the principal 

due to the Lyman-a lihe at with a yield curve extending to 

source of the emission* For platinum *o\v**4«f*iriallv in the 1800- 
longer wavelengths, however, the increase is principally in 

2400 A. band. 

in the earlier discussion, of .^’^buUM^i^iflcanJ change! 
out that contamination in a sample could 1 .. A revllw 

in the yield value* Zinc (Figure ) have been made as part of this 

of the relative ^ h ”*"”^^*i e r“el.tt!e to the extrapolation, of the 
program, reveals shifts in the cu , * similar terms (e. g« , surface 

absolute yield data which of ^Scilar Steresl WhUe 

contamination). Copper -beryllium _ (Figure 11) suggests a sharp 

Integration with the^olar^nux!”. vastly different total emission would be 
found. 


• . 
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were found to be low e™ 1 **®' * * d JJJ wero obtained In Phase IV than 
earlier. More complete 8 r ®P hl *« ™ falla in att intermediate ran R •. 
In Phase XI. The emission of grapMt a dielectric such as 

techniqv^ U^cUve® additional tests should be conducted. 
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APPENDIX I 


A listing of the computer code which was written to calculate 

S ;fenua 

shovdd* iw^prew^^e ^eade^rom^^lowing tto^calcul^tion method. 
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r.OMPUTEB CODE 


DIMENSION SC 70># KC70># WC 80># YC 50 ) 
0 PENC 3 # INPUT# /SlW/> 

1 1 UO 12 1 * 1 # 70 
Is EADC 3 # • • • ) SC I ) # FC I ) 

I h < F< I ) > 14# 12# 12 
12 C’E 

1 4 13 = 1-1 
CL 03 EC 3 ) 

15 fcf<I » E < 1 #C 9 HMATEF<IAL*# 2 >> 

KEAD C 1 # < Al ) > NAL 

DO 20 1 = 1 # 30 
rtCCEPi to<l)#Y<l> 

IK ClvCD) 21 # 21 # 20 

20 C’E . 

21 IY= 1-1 
101 = 0.0 


J = 1 

DO 25 K=2#-I3 
I F<SCK)-W( l > > 25#25#26 


'■e* 


SCK) 


2b C’E 

D *Y -NO OVERLAPS 

GO TO lb 

2 6 D * V SlNTEGKAllON STARTS AT 

ALOG10C YC J> ) > 


A=FCK>*Y7 

10T=TOT+A 

a as A/ C SCK+ 1 )-SCK) > 

to KITE C t# 51 ) SCK)#YY,A#AA#TOT 


K=K+1 

IF CK- 1 S) 28# 28# 29 

IF <SCK>-LCJ*l )>. 27 # 27# 29 
IF <to<J+l>> 99# 99# 30 
J=J+ 1 
TO 28 

d*y SINTEUKATION completes 

JS^T < bH .AWE/ 3X# SHY. ELD» 6X#8HEHM/8Ai'ID* 7X# 6HEMM/A .M.EH10TAL) 
FORMAT CF6.0#F8.4#3E14. b) 


2 8 

29 

30 
(#0 
99 
00 

50 

51 


END 
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APPENDIX II 


The detailed results of the calculation are reproduced in this 
appendix. In the tabulations the columns are. 


1 ) 

2 ) 

3 ) 

4) 

5 ) 


Wavelength in Angstroms. 

Yield at that wavelength in electrons /photon. 

The emission in the band defined by the wavelength of the 
given line and that of the next line (electrons cm sec 

Emission per Angstrom of wavelength. 

The total emission, i. e. , a running total of column 3. 


Data are presented for the following materials; 

Aluminum, Cadmium, Copper, Copper -beryllium. Gold, 
Nickel, Platinum, Silver, Tantalum, Tungsten, and Zinc. 


aluminum 


LAVE 

YIELD 

860* 

0. 1 509 

890* 

0.1381 . 

911* 

0.1299 

920. 

0. 1265 

950. 

0.1158 

990. 

0. 1030 

1027. 

0. 0898 

1040. 

0.0852 

1090. 

0.0697 

1130- 

0.0565 

1180. 

0.0426 

1 200. 

0.0380 

1215. 

0.0337 

1220. 

0.0324 

1275. 

0.0208 

1325. 

0.0129 

1375. 

0.0074 

1425. 

0.0039 

1475. 

0.0020 

1525. 

0.0010 

1575. 

0.0005 

1625. 

0.0002 

1 675. 

0.0001- 

1725. 

0.0000 

1775. 

0.0000 

1800* 

0.0000 

1850. 

0.0000 


EMM /BAND 

• 63366E+09 
.55258E+09 

• 1 6235E+09 
• 18974E+09 
.63702E+09 
. 51 49 1 E+09 
. 35003E+09 
• 40043E+09 

• 30685E+09 
.46910E+09 

• 23410E+09 
. 44460E+09 
•90938E+10 
.84118E+09 
.24528 E+09 
•22796E+09 
.13527E+09 

• 1 4598 E+09 

• 1 429 7 E+09 

• 129 30 E+09 
. 12547E+09 
.917738+08 
•-63174E+08 
♦33313E+08 
.«6807E+07 
.87500E+07 
.782828+06 


EMM /A 

•211 22E+08 
.26313E+08 
. 18039E+0S 
• 63246E+07 
. 15925E+08 
. 13916E+08 
.26925E+08 
•80086E+07 

• 7671 1 E+07 
•93820E+07 
. 11705E+08 
.296408+08 

• 18 188E+ 1 0 
. 15294E+08 
. 49056E+07 
• 45592E+07 
•27054E+07 
.291978+07 

• 2859 48+07 
•25860E+07 
.250948+07 
. 183558+07 
• 126358+07 
• 666278+06 
.267238+06 
. 17500E+06 
.156568+05 


TOTAL 

• 63366E+09 
. 11862E+10 
.134868+10 
. 15383E+10 
♦21 753E+10 
.26902E+10 
.304038+10 
♦34407E+10 
.374758+10 
. 421668+10 
. 4450 7 8+ 10 

• 489538+10 
.139898+11 

• 1 48308+11 

• 1 50768+1 1 
.153048+11 

• 1 S4398+ 1 1 
. 155858+1 1 
.157288+11 
. 158578+1 1 
.159838+11 
.160748+11 
. 161388+1 1 
» 1 61 718+ 1 1 
. 161788+11 
.161868+11 
. 161 878+1 1 


CADMIUM. 


LAVE . YIELD 

^ * 4 /A I 'iK 


810* 

0.1354 

840* 

0.1224 

860* 

0.1144 

890. 

0.1034 

91-1. 

0.0947 . 

920. 

0.0906 

950. 

0.0781 

990. 

0.0641 

1027. 

0.0533 

1040. 

0-. 0499 

1090. 

0.0389 

1130. 

0.0308 

1180. 

0.-O226' 

1200* 

0.0200 

121 5. 

0.0180 

1220*- 

0.0174 

1275. 

0.0119 

1325. 

0.0081 

1375. 

0.0053 

1425. 

0.0033 

1475. 

0.0019 

1 525* 

0.0011 

1 575’. 

0.0006 

1 625* 

0.0003 

1675. 

0.0002 

1725. 

0.0001 

1775. 

0.0000 

1800* 

0.0000 

1850. 

0.0000 

1900* 

0.0000 

1950. 

0.0000 

2000. 

0.0000 

2050. 

0 . 0000 


emm/band 

.33842E+09 
.24474E+09 
. 48051 E+09 

♦ 41369E+09 
. 11838E+09 

• 1 3588E+09 
• 42956E+09 
• 32045E+09 
•20786E+09. 
•23473E+09 
•1711 5E+09 
t25535E+09 
•12440E+09 
•23400E+09 

• 48668E+10 

• 45269 E+09- 

• 1 4033E+09 

• 1 4333E+09 

' .97175E+08 

• 120.32E+09 
•13576E+09 
. 1 41 46E+09 

• 1 581 5E+09 
•13899E+09 
• 1 1988E+09 
• 93953E+08 
. 33211 E+08 
•.S.7750E+08 
• 32240E+08 

• 1 7 30 2 E+ 08 
•93545E+07 

• 50260E+07 

• 10300E+07 


EMM/A 

. 11281 E+08 

.12237E+08 

•1601 7E+08 

• 19699E+08 

• 13154E+08 

.45294E+07 

•10739E+08 

.86609E+07 

.15989E+08 

• 46947E+07 

.42787E+07 

• S1069E+07 

• 62201E+07- 

• 1 5600 E+08 
.97335E+09 

• 8230.7E+07 
.280656+07 
» 28666E+07 
• 19435E+07 

• 24064E+07 
•27152E+07 

• 28291 E+07 

• 31 630E+07 
•27798E+07 
•23977E+07 

• 1879VE+07 
•13284E+07 

• 1 1 550E+07 

• 64481 E+06 

• 34605E+06 
. 18709E606 

• 100S2E+06 

• 206006+05 


TOTAL 

• 33842E+09 

• 5831 6E+09 
•40637E+ 10 
•147746+10 
• l 5957E+10 

• 1 7 3 1 6E+ 1 0 
.216126+10 

• 248 1 6E+ 1 0 
• 26895E+ 10 
•29242E+10 
•30954E+10 
• 33507E+ 10 
. 34751 E+10 
• 37091 E+10 
• 85759E+10 
•90286E+10 
•91689E+10 
•93122E+10 

• 94094E+ 10 
•95297E+10 
.96655E+10 

• 980 69 E+10 
•99 651 E+10 
• 10104E+11 
• 10224E+1 l 

• 10318E+H 

• 10351E+1 1 

• 10409E+1 1 

• 10441 E+lt 

• 10458E+-1 1 

• 10468E+1 1 

• HJ473E+1 1 
• 10474E+1 l 


55 


COPPER 


WAVE YIELD 
890* 0*1225 

911. 0*1083 

900* 0*1026 
9b0* 0*0860 

990. 0*0679 

1027. 0*0551 

1040. 0.0512 

1090. 0*0388 

1130. 0*0310 

1180* 0*0235 

1200 * 0*0210 
1215* 0*0191 

1220* 0*0185 

1275* 0*0131, 

1325* 0*0096 

1375. 0*0070 

1425. 0*0051 

1475* 0*0037 

1525* 0*0027 

1575* 0*0020 

1625* 0*0014 

1675. 0*0010 

1725* 0*0007 

1775* 0*0005 

1800* 0*0004 

1850* 0*0003 

1900. 0*0002 

1950* 0*0002 

2000 * 0*0001 
2050*- 0*0001 

2100 * 0*0001 
2150* 0*0000 

2200 * 0*0000 
2250* 0*0000 

23b0* 0*0000 

2350* 0*0000 

2400’* 0*0000 

2450* 0*0000 

2500* 0*0000 

2550* 0*0000 

2600* 0*0000 
2650* 0*0000 

2700* 0*0000 

2750* 0*0000 

2800 * 0*0000 
2850* 0*0000 

2900* 0*0000 

2950* 0*0000 


EMM/BAND 

.49018E+09. 

• 1 3532E+09 
. 15397E+09 
• 47291E+09 
. 33947E+09 
.21474E+09 

• 24071 E*09 
. 17055E+09 
.25744E+09 

• 1 29 1 2E+09 
.24570E+-09 

• 51 615E+10 

• 481 71E+09 
. 15491 E+09 
. 1 6988 £*09 

• 12841E+09 
. 18962E+09 
•27295E+09 
. 36282E+09 
.51747E+09 
. 599 51 E+09 
. 70445E+09 
• 75206E+09 
*3621'5E*09 
.73S00E+09 
• 7691 7E+09 
.77379E+09 
. 78420 E+09 
•78980E+09 
•80477E+09 
•79917E+09 
. 63570 E+09 
.82880E+09 
.8187LE*09 
• 55599E+09 
.38879E+09 
• 30498E+09 
.22427E+09 
• 19335E^09 
.1803SE+09 

• 1 6950 £♦ 09 
. 1 561-5E»09 

• 1 1 468E+09 

• 78059E+08 

• 68310E+08. 
. 70274E«*-08 
. 65073E*08 

• 48534E+08 


Ertrt/A 

. 23342E+08 

• 15035E+08 
. 51325E+07 
. 11823E+08 
.91748E+07 
. 16518E+08 

• 481 41 E+07 
.42637E+07 

• 51 489E+07 
• 64558E+07 
. 1 6380 E+08 
• 10323E+T0 
.87584E+07 

. 30982E+07 * 

.33977E+07 

.25683E+07 

• 37925E+«7 
.54590E+07 
. 72S64E+07 
. 10349E+08 
. U990E+08 
• l 4089 E+08 

• 1 5041 E+08 
. 14486E+08- 
• l 4700E+0 ’ 
•15383E+08 
• 15476E+08 

• 1 5684E+08 
* 15796E+08 

• 1 6095E+08 
. I 5983E+08 
.1671 4E+08 

• 1 6-S76E+08 
. 16374E+08 
. 1 1 120E+08 

• 77758E+07- 
. 60996E+07 
. 44854E+07 

• 38670E+07- 
• 36071E+07 
. 33900E+07 

• 31 230E+07 
.22936E+07 

• 1 S612E+07 
. 1 3662E+07 
. 1 4055E+07 
. 13015E+07 
• 97067E+06 


TOTAL 

. 49018E+09 
. 62550 E+09 

• 77947E+09 
. 12524E+10 
. 15918E+10 
• 18066E+ 1 0 

. • 20473E+ 1 0 
.22178E+10 
4 24753E+10 
» 26044E+10 

• 28 50 1 E+ 1 0 

• 801 1 6E+ 1 0 
.84933E+10 

• 86482E+10 
•88181E+10 
.89465E+10 
•91 362E+10 
.94091 E+10 
•97719 E+ 10 
. 10289E+ 1 1 
.108S9E+U 
. 11593E+11 
. 12345E+ l 1 
• 12708E+1 1 
. 13443E+T1 

• 1 421 2E+1 1 
. 1 498 6E* 1 1 

• 1 5770E+1 1 
. 16S60E+U 
. 17364E+11 
• 18163E+11 
. 18999E+11 

• 19828E+U 
•20647E+1 1 

• 21203E+U 
.21591EM1 

• 21896E+ 1 1 

• 22121 £♦ 11 
•22314E+11 

• 2249 4E+ 1*1 
. 22664E+ 1 1 

• 22820 E+l 1 
• 22935E^1 1 
•2301 3E+1 1 
. 23081 E+U 

• 231 51 E+ 1 1 
•2321 66+1 1 

• 23265E+ 1 1 


56 


COPPER - BERYLLIUM 


vAVfc 

YIELD 

S 1 0 * 

• 1. 1 801 

n*u» 

0*1834 

860* 

8.1378 

890. 

0.1174 

911* 

0. 1049 

920. 

0. 1000 

980* 

0.08lb 

990. 

0.0621 

1027. 

0.0467 

1048. 

0.0421 

1090* 

8.0282 

1130. 

0.0203 

1180. 

0.0134 

1200* 

0.0 1-1 3 

1218. 

0.0100 

1220. 

0.0094 

127b. 

0.0049 

132b. 

0.0027 

137b. 

0.001 5 

142b. 

0.0008 

1 47 b. 

0.0003 

Ib2b. 

0.0001 

1 b7b. 

0 .0000 

1 62b. 

0-0000 

167b. 

0.0000 


• 48026E+09- 
.30681 E«-09 
. 87893E409 
.46962E*09 
•131 16E+09 
. 18000 E«-09 
. 448 38 E+09 
.31043E+09 
. 18214t*09 
. 19776E+1A9 
.12396E+0* 

. 16B19E+09 

.73563E408 

. 13263E+09 

•27000E+10 

•24812E+09 

.88168E+08 

. 48382E+08 

•27687E+08 

•28962E+08 

•25255E+08 

• 1 7737E+08 

• 1 1 688E+08 
♦ 522T5E+07 
•90779E+06 


Ertri/A 

• 1 8009 E+08 

• 18340 E+08 

• 1 9298E+08 
•22363E+08 
. 14874E+08 

• 80000 E+0'< 

• 1 1210E+08 
. 8-3901 E+0 7 
. 1401 1E+08 

• 39883E+0"/ 
•30989E+07 
•33638E+07 

• 36781 £+0? 
•803S3E+0? 

• 54000E+09 
•44867E+07 
•11634E+07 
• 96764E+06 

• S8374E^06 

• 57923E+06 
•50810E+06 
•35478E+06 

• 2331 7E+06 
. 1048SE+06 
•181S6E+05 


TOTAL 

.48026E+89 
• 78707E+09 
. 13360E+10 
. 180b6E*18 
• 19368E+10 

• 20868E+10 
•28352E+10 
•28456E+10 
•30277E+10 
•322bbE+10 

• 33498E+ 10 
•38177E+10 
.38912E+10 
•37237E+10 
•64237E+10 
. 66689E+10 
. 67270 E+ 10 
•67754E+10 
. 68031 £♦ 10 
. 68321 E+ 10 

• 68573E+10 

• 68781 E+10 
• 68867E+ 10 
.68919EM0 

• 68928 E+ 10 


GOLD 


fcA-VE 

YIELD 

860* 

0*1191 

890* 

0.104&- 

9-1.1* 

0*0960 

920. 

0.0928 

950* 

0*0831 

990* 

0.0716 

1027* 

0*0603 

1040* 

0*0566 

1090* 

0.0441 

1130* 

0*0351 

1 180* 

0*0259 

1200* 

0.0230 

1215. 

0*0203 

1220* 

0*0195 

1275* 

0*0123 

1325* 

0*0074 

1375* 

0*0041 

1425* 

0*0017 

1475* 

0*0014 

1525* 

0.0012 

1575* 

0.0010 

1625* 

0.0008 

lo7S* 

0*0007 

1725. 

0.0006 

1775. 

0*0005 

1800* 

0*0005 

1 850* 

0.0004 


1900* ,0*0003 

1950* 0*0003 

2000* 0*0002 
2050* 0*0002 

2100* 0*0001 
2150* 0*0001 

2200* 0*0001 
22b0*- 0*0001 

2300* 0*0001 
23S0* 0*0000 

2400-* 0*0000 

2-450* 0*0000 

2500* 0*0000 

2SS0* 0*0000 

2600* 0*0000 
2650* 0*0000 

2700* 0*0000 

2750* 0*0000 

2800* 0*0000 
2850* 0*0000 

2900* 0*0000 

2950* 0*0000 

3000* 0*0000 

3050* 0*0000 

3100* 0*0000 

3150* 0*0000 

3200* 0*0000 


Eriri/BAiMD 
• 500286*09 

• 41 788E+09 
.120006*09 

• 1 3927E*09 

• 4568j6E+09 
•356046*09 
♦23534E+09 
.265896*09 
. 19421 6*09 
•290996*09 

• 1 42 69 E+ 09 
•269106*09 
. S480-7E+10 
. 50624E+09 
. 1 45326*09 
• 13099E*09 

• 74181 6*08 
.622976*0* 
•99876E+08 

• 1 5771 6*09 
•256536*09 
.349806*09 
•499256*09 
.-646066*09 
.376326*09 
.840006*09- 

• 103426*10 

• 1224 06*10 

• 1 42626*10 
• 16S1 46*10 

• 19091 £4-10 

• 215096*1-0 

• 255186*10 
•28712E*10 
• 302676*10 
•219346*10 

• 1 63686*10 

• 1-3 702 £♦ 10 
•100916*10 

• 101506*10 

. 102346*10 ' 
• 103966*10 
.999 40 £*09 
. 70593fc*09 
. 54403E409 
*•49 680 6*09 
.512516*09 
*475906*09 
• 355946*09 
•254806*09 
. 191006*09 

• 1 42526*09 
•990616*08 

• 69 9 00 £♦ 08 


Erirt /’A 

• 1 6676E*08 
• 19899E+08 
-13333E*08 

• 46424 E >07 

• 1 1 422E*08 
•96?68E*07 
• 18123E+08 

• 53179E407 

• 48551 £<*>07 
•58197E+07 

• 71 345E*07 

• 1 7940E+08 
. 10961E+10 
•92043E*07 
*29063E*07 
*264 99 £4-0 ? 

. 14836E*07 

• 12459 £"87 
•19975E+07 
•3l543E*07 

• SI 306E+07 
. 69 9 60 E* 07 
.998 50 £4- 07 

• 1 2921 £4-08 

• 15053E4-08 
.1 680064-08 

• 20684E4-08 

• 24480 £4-08 

• 28524E4-08 

• 33028E4-00 
•38182E+08 

• 43017E*08 

• 51036E4-08 

• 57-424E4-08 

• 60S34E4-00 

• 43869Et08 

• 32737E4-08 

• 27404E4-08 

• 21782E4-08 
.20299 £4-08 
•20467E+08 
.20 79 2 £4- 08 
• 19988E*08 

• 1531964-08 

• 10881 £-408 

• 993606*07 
.102 50 £4-08 
*9S180E*07 

• 71 107E*07 
• S0960E*87 
•383616*07 

• 285046*07 
•198126*07 
•139806407 

■ 58 ** 


TOTAL 

.50028E+09 
.9-18.1^6*09- 
• 10382E*10 
•11 774E*10 
. 16343E*10 
. 19923E*10 
♦22277E+10 
•249366*10 
•268786*10 
•29788E*10 

• 31 21 5E*10 
•339066*10 

• 88712E*10 

• 93-774E*10 
• 95228E*10 

• 965386*10 
.972796*10 
*97902E*10 
•98901 E*10 
. 10048 E*1 1 

• 10304E*! I 
• 10654E*! 1 
.111 53E* 1 l 
•11 799E*1 1 

• 121 76E*l 1 

• 1 301 6E*1 1 

• 140506*11 

• 1 52 7 4E* 1 1 

• 167006*1 1 
•183526*11 

• 202616*11 

• 2241 1E*1 1 
•249636*11 
.278346*11 

• 308616*11 
•330556*11 

• 34691 6*11 

• 360626*11 
•371 51 E*1 1 

• 381 66E*1 1 
.391896*11 
.402296*11 
.412286411 

• 419946*11 
.425386*11 
*•430356*11 

• 435476*11 
.440236*11 
.443796*11 
•446346*11 
.448266*11 
•449686*11 

• 450676*11 

• 451376*1 1 


NICKEL 


teAVe. 

1 1 6LU 

911. 

0. 1 125 

920. 

0.1068 

950* 

0.0897 

990. 

0.0710 

1027. 

0.0558 

1 1)40. 

0.051 1 

1090. 

0.0364 

1130. 

0.0276 . 

1180. 

0.0195 

1200* 

0.0170 

1215* 

0.0153 

1220. 

0.0147 

1275* 

0.0099 

1325. 

0.0069 

1375. 

0.0048 

1425. 

0.0032 

1.475. 

0.0021 

1525. 

0.0014 

1575. 

0.0009 

1625. 

0.0006 

1675. 

0.0004 

1725. 

0.0003 

1775. 

0.0002 

1800* 

0.0001 

1850*' 0*0001 

. 1900* 

0.0000 

1950. 

0.0000 

2000* 

0.0000 

2050* 

0.0000 

2100* 

0.0000 

2150* 

0.0000 

2200* 

0.0000 

2250* 

0*0000 

2300* 

0.0000 

2350* 

0.0000 

2400* 

0.0000 

2450< 

0.0000 

2500. 0.0000 


fei-M/BArtU 

• 140696+09 

• 1 6020 £+09 
.493166+09 
.355106+09 
.217576+09 
•240076+09 
.160 10 £+09 
.229226+09 

• 1u740E+09 
• 198906+09 

• 41 180E+10 
. 38246E+09 
.116606+09 
. 12181 E+09 
•87712E+08 
• 12006E+09 
.18887 E+09 

• 18 68 7 E+09 
.24039 E+09 
•2S303E+09 
.2721 I E+09 
.265876+09 
• l 171 7E+09 
•227506+09 
•20301 E+09 

• 17414E909 

• 15049E+09 
• 12924E+09 
. 1 1 318E+09 
. 965986+08 
•86818E+08 
.740006+08 
• 63463E+08 
.374176+08 

• 227166+08 

• 1 54706+08 
.105376+08 

• 841 40E+07 


6tWA 

.156326*08 
. 533996+07 
• 12329E+08 
.959746+07 
. 16736E+08 
. 4801 4E+07 

♦40025E+07 
• 458446+0 7 
• 53702E+07 
•13260E+08 
.82359 E+09 
.695386+07 
.233196+07 
, 24362E+07 
.175426+07 
.240116+07 

• 31 1 74E+07 
.37374E+07 
. 48077E+07 

• 506066+07. 

• 54421 E+07 
. 531 74E+07 
.468696+07 

• 455006+07 

• 406026+07 
.348296+07 
. 30098E+07 
.258486+07. 
. 22636E+07 
.193206+07 
. 1 7364E+07 

.148006+07 
.126936+07 
. 748336+06 
.454316+06 
♦ 309406+06 
.210736+06 
•168286+06 


T07AL 

. 140 69 E+09 
.300886+09 
. 794046+09 
.114916+10 
.136676+10 
. I 60686+10 
.176696+10 
. 199616+10 
.21035E+10 

• 23024t+ 10 
•642046+10 

• 680286+10 
.691946+10 
.704126+10 
.712906+10 
.724906+10 
. 740496+10 
.759176+10 
. 78321 E+ 10 
.808526+10 
.835736+10 
.862316+10 
•87403E+10 
.896786+10 

- .91 708E+ 10 
.93450E+10 
.949556+10 
.962476+10 
•97379E+10 
•983456*10 
.992136+10 
•999536+10 
•100596+11 
•J 00966+1 1 
.101196+11 
• 10134E+1 1 

• 101456+ 1 1 

• 101536+1 1 


PLATINUM 


» 


<r 


UAV8 

r LELU 

911* 

0.0952 

920* 

0.0915 

950* 

0.0800 

990* 

0.0669 

1027. 

0.0561 

1040* 

0.0526 

1090* 

0.0412 

1130* 

0.0338 

1 180* 

0.0265 

1200* 

0.0240 

1215* 

0.0219 

1220* 

0.0212 . 

1275* 

0*0152 

1325* 

0.0112 

1375* 

0.0063 

1425* 

0*0058 

1475* 

0.0039 

1525. 

0.0026 

1575. 

0.0019 

1625. 

0.0018 

1675. 

0.0016 

1 725. 

0.0015 

1775. 

0.0014 

1800* 

0.0013 

18-50. 

0.001 1 

1900* 

0.0010 

1950* 

0.0008 

2000* 

0.0007 

2050* 

0.0006 

2100* 

0.0005 

2150. 

0.0004 


2200. 0*0004 

2250* 0*0003 

2300* 0*0002 

2350* 0*0002 

2 400* 0*0001 

2450. 0*0001 

2500. 0*0001 

2bb0* 0*0004 

2600* 0*0000 
26b0* 0*0000 

2700* 0*0000" 

27b0* 0*0000 

2800* 0*0000 
28 b0* 0*0000 

2900. 0*0000 

2950* 0*0000 

3000. 0.0000 

30 b0* 0*0000 

3100* 0*0000 

3150* 0*0000 

3200* 0*0000 


EWM/BA.M-U 
. 1 1901 E+09 
. 13719E+09 
. 44000 8* 09 
• 334608+09 
• 218648+09 
.247228*09 

• 1 8 1 1 1 8+09 
.28079E+09 
. 14560E+09 
• 280808+09 
. 591438+10 

• 55245E+09 

• 1 7936E+09 

• 198428+09 
. 15130E+09 

• 21 5528*09 

• 28619E+09 
» 350958+09 
.50619E+09 

• 74750-8+09 
« 1 1389EM0 
.157668+10 

• 984408+09 
• 227508+10 
. 28809 E+ 10 
• 35070E+ 10 
.430068+10 

• 5241 4E+I0 
• 630098+10 
• 73820E+ 10 
.910748+10 
• 10656E+ 1 1 

• 1 1 7988+1 1 
• 89800 E+ 10 
.703828+10 
.618808+10 

• 51 51 6E+10 
.502838+10 
.53101E+10 
• 56500E+10 
• 53194E+ 10 

• 399278+10 
.277748+10 

• 248 40 EM 0 
.23375EM0 
•19799E+10 
. 13507E+10 
•082008*09 
• 51975E+09 
• 30233E+09 
• 1 6451 E+09 
•908708+08 


EMM/A 

• 1 3224E+08 

• 457-31 8+07 

• 110008*08 
•90434E+07 
• l 68198+08 
.49444E+07 
. 452788+07 
.561588+07 

* 728028+07 
. 187208+08 

• 1 1 829 EM 0 
• 100448+08 
.358738*07 

♦ 39 6848*07 
♦302598+07 
.431048+07 
.572398+07 

• 701908+07 
♦10124E+08 
. 14950E+08 
.-227788+08 
♦31531E+08 
.393768+08 
.458008+08 
.576188+08 
.701408+08 
•8601 6E+08 
• 10483E+09 
.126028+09 
.147648+09 
.182158+09 
•21312E+09 
.235968+09 
. 1 7960E+09 
. 14076E+09 
• 12376E+09 

• 103038+09 

• 100578+09 

• 106208+09 

• 1 1300E+09 
. V0639K+09 
. 798538*08 
. 55549E+08 
. 49-680 E+ 08 
. 467508*08 
.395978+08 
.270148+08 

• 1 7 640 E+ 08 
. 10395E+08 
• 60467E+07 

• 32901 E+07 

• 181 74E+07 


TOTAL 

. 1 1901 E+09 

.256208+09 

• 69 620 E+09 

. 103088+10 

. 12495E+10 

. 14967E+10 

.167788+10 

. 195868+10 

.210428+10 

.238508+10 

.829938+10 

.885178+10 

.903118+10 

.922958+10 

• 938088+10 

* 959 63E+ 10 
•988258+10 
. 10233E+ 1 1 
. 107408+11 
. 11487E+11 
. 1 2626E+-1 1 
. 14203E+U 
.151878+11 
.174628+11 
.203438+11 

• 23850 E+l 1 

• 28151 E+ 1 1 
.333928+1 1 

• 39693E+ 1 1 
.470758+11 
.561828+11 

• 668388+11 
.786368+11 
.876168+11 
.946558+11 
. 100848+12 
. 10599E+ 12 
. 111028+12 

• 116338+12 
* 12198E+12 
. 127308+12 
.131298+12 

• 13407E+12 
. 1 36568+ 1 2 
.138898+12 

.140878+12 

.142228+12 

.143118+12 

.143638+12 

.143938+12 

.144098+12 

.144188+12 


60 


SILVER 


have yield 


911* < 

3.0993 

920* 1 

0.0930 

950* 1 

0.07 48 

990. 

0.0559 

1 02 7 • 

0.0440 

1040* 

0.0 40 6 

1090. 

0.0297 

1130. 

0.0232 

1 180. 

0.0170 

1200. 

0 • 0 1 50 

1215. 

0.0138 

1220. 

0.0134 ' 

127 5. 

0.0099 

1 325. 

0.0076 

1375. 

0.0060 

1 425. 

0.0048 

1 475. 

040039 

1525. 

040031 

1575. 

0.0026 

1 625* 

0.0021 

1675. 

0.0017 

1725. 

0.0014 

1775. 

0.0011 

1800. 

0.0010 

1350. 

0.0008 

1900. 

0.0007 

1950. 

0.0006 

2000* 

0.0005 

2050. 

0.0004 

2100* 

0.0004 

2150. 

0.0003 

2200* 

0.0003 

2250. 

0.0002 

2300* 

0.0002 

2350. 

0.0002 

2400* 

0.0001 

2450* 

0.0001 

2500* 

040001 

2550. 

040001 

2600 < 

, 0.0000 

2650 < 

» 0.0000 

2700 

. 0.0000 

2750 

. 0.0000 

2800 

. 0.0000 

2850 

. 0.0000 

2900 

. 0.0000 

2950 

. 0.0000 

3000 

. 0.0000 

3050 

>. 0.0000 


ErtM/BAtMU 
. 124*0 E+09 
. 13949E+09 
•411 28E+09 

• 27959E+09 
. 17147E+09 
• I9060E+09 
. 13077E+09 

• 19237E-+09 
. 93421 E+08 
.17550E*09 r 

• 37258E-H0 

• 34894E+49 

• 1 1 662E+09 
•13487E+09 
•10947E+09 
•17667E+09 
•28291 E+09 
• 41835E+09 
• 66377E+09 

• 87048E+09 

• U781E+10 
. 14486E+10 
•80344E+09 

• 17500E+10 
•21527E+10 
.25456E+10 

• 30325E+10 

• 35900E+10 
. 44551 E<* 10 

• 53880€>10 
.68619E+10 

• 82880 £♦ 10 

• 98207E-M0 
• 80000 £♦ 10 
. 66431 £♦ 10 

• 6 1-880 £♦ 10 

• 51 31 1 E*10 

• 49883E+10 
. 48474EM0 
. 47460E+10 
.42938EM0 

• 30970EM0 
.17724EM0 

• 1-3041 £♦ 10 
• 98984E+09 

• 67625E4-09 
•37213E+09 
•19600E+09 
• 93676E+08 


LMM/A- 

• 1 3788E+08 

• 46496E+07 

• 10282E*08 
•75566E+07 
.13190E-M38 
•38120E+07 

• 32692E+0 7 
•38474E^07 

• 467UE+07 

• 1 1 700E+08 

• 7451 5E+09 
• 63443E+07 
•23324E+0 V 
•26974E+07 

• 21893E+07 
•35334E^07 

• 56581E+07 
•83669E407 
. 1 3275E+08- 

• 1-7410E+08 
•23562E+08 
•28972E+08 

• 321 38E+08 

• 35000 *>08 

• 43054E+08 

• 5091 2E+08 
. 60 650 £♦ 08 
•71800E+08 

«r89101E + 00 

•10776E+09 

•13724E+09 

•16576E+09 

.19641 £<>09 

. L6000E+09 

•13286E+09 

•12376E+09 

•10262E+09 

•99766E+08 

• 90948E408 
•94920E+08 
•8S877E+08 

• 61940E+08 
. 35448E+08- 
•26082E+08 
•19797E+08 
. 1 3525E+08 
•74426E+07 
• 39200E+07 
•18735E+07 


TOTAL 
. 12410E+09 
• 26358 E+09 
. 67487E+W9 
•95446E+09 
. 1 t259E*10 
• 13165E+10 
•14473E+10 
. 16397E+10 
• 17331E+10 
• 19086E+1W 
•56344E+10 

• 59833E+10 
. 60999 E+ 10 

• 623 48 E + 10 

• 63442 E^ 10 

• 65209E-H0 

• 68038E+10 
• 72222E+ 10 

• 78859E+10' 

• 87564E+1-0 
•99345E+10 
. 11383E+11- 
. 12187E+11 

• 1 3937E* 1 1 

• 1 6089 b.+ 1 1 
• 18635E+1 1 

• 21 667E+1 1 

• 25257E+1 1 

• 29712E+U 

• 35100E+ 1 1 

• 41962E+! 1 

• 50250E+1 1 
. 60071 E+ U 
. 68071 E^ H 

• 747 1 4E+ 1 1 
•80902E+1 1 
•86033E+1 1 

• 9102t£^U 

• 95869E* 1 1 
. 10061 £♦ 12 
« 1049 1 EM 2 
. 10801EM2 
• 10978E+12 
. 11108E+12 

• 1 1 20 7 £♦ 1 2 

• U275EM2 

• U312EM2 

• 1 1 332E+ 1 2 

• H 341 EM 2 



TANTALUM 


YIELD 
0. 1 464 
0.143d 
0.1342 
0.1227- 
0. 1037 
0.0967 
0*0739 
0 • 0 58 7 
0.0438 
0.0390 
0.0327 
0.0-308 
0.0161 
0*0089 - 
0.0050 
0.0027 
0.0014 
0.0008 
0.0004 
0.0002 
0.0001 
0.0001 
0.0000 
0.0000 
0.0000 
0 . 0000 . 
0.0000 
0.0000 
0.0000 
0 . 0000 ' 
0.0000 
0.0000 


EMM /BAND 
. 18295E+09 
•21 518E+09 
. 73790E+09 
. 613542+09 

• 40462E+09 

• 45462E+09 
. 32506E+09 
.487498+09 

• 241 1 22+09 
.456302+09 
.88236E+10 
•80 105E+09 
.190122+09 
. 1 5827E+09 
.908652+08 
.995812+08 
. 103962+09 
. 100212+09 
. 10366E+09 
•887292+08 
.78477E+08 
. 630652+08 
.228592+08 
. 40 250E+08 
.315662+08 
.237982+08 
.180752+00 
.136422+08 
. 103732+08 

• 7687S2+07 

• 59992E+07 
.444002+07 


ENtf/A 

.20328E+08 

• 71 7262+07 
.184482+08 
. 16582E+08 
.31 124E+08 
.909232+07 
.812642+07 

• 97498E+07 

• 120562+08 

• 30420E+08 
. 17647E+10 

• 145652+08 
• 38025E+07 
.-31 6552+07- 
.181732+07 
. 199162+07 
.207912+07 
.200432+07 
.207312+07 
.177462+07 
• 1 5695E+07 
.126132+07 
.91 4352+06^ 
.805002+06 
. 631332+06 
. 475962+06 
. 361492+06 
.272842+06 
. 20747E+06 
.153752+06 
.119982+06 
•888002+05 


TOTAL 

. 182952+09 
. 398132+09 
.113602+10 
. 1 7496E+10 
.215422+10 
.260882+10 
. 29 339 E+ 10 
.34214E+10 
. 366252+10 
.411882+10 
• 129422+11 
.137432+11 
. 13934E+1 1 
. t 40922+ 1 1 
.141832+11 
.142822+11 
.1438*2+11 
. 144862+1 1 
.145902+11 
. 146792+11 
. 147572+11 
. 1 48202+11 
.148432+11 
.14883fc+ 11 
.149152+11 
.149392+11 
. 1 49 57 6.+ 1 1 
• 1 49 7 1 2+ 1 1 

. 149812+11 
.149892+11 
. 149952+1 1 
. 14999-2+11 



TUNGSTEN 


UAVb 

VI2L0 

890* 

U . 1 446 

911. 

0.1292 

92u. 

0. 1231 

9 80 * 

(•). 1047 

990. 

0.0844 

1027. 

0.0672 

1040. 

0.0618 

1090. 

0.0447 

1130. 

0.0346 

1 180* 

0.0250 

1203* 

0.0220 

121 5. 

0.0195 

1220. 

0.0187 

1275. 

0.0120 

1325* 

0.0080 

1375. 

0.0054 

1425. 

.0*0034 

147 5. 

0.0021 

1 525. 

0.0013 

1 57 5. 

0.0008 

1625. 

0.0004 

1675. 

0.0002 

1725. 

0.0001 

1775. 

0.0001 

1800* 

0.0000 

I860* 

0.0000 

1900* 

0.0000 

I960. 

0.0000 

2000* 

. 0.0000 

2050* 

0.0000 

2100* 

0.0000 

21 50. 

0.0000 


• S'/ttWfBV 
. 1 61 482+09 
. 184612+09 
.575938*09 

• 4221 38+09 

• 2 6210 c. +09 

.290448+09 
• 196908+09 
.286902+09 
• 137672+09 

• 257408*09 
• 62646E+ 10 
.48 6978+09 

• 1 4197E+09 
. 14241 E+09 

• 98 463c. +08 
. 126918*09 
.1821 62*09 
. 1-68 46E+09 
.200128+09 
. 1-8 1272*09 
.15631E+09 
. 122478+09 
. 4328 1 8+08 
.75250E+08 
.497928*08 
• 31 6728*08 
.202982*08 
. 12924E+08 
.792342*07 
.473412*07 
.297862*07 


Ei’t.'i/A 

.278812*08 

• 179428+06 

• 61 5352+07 
.143988*08 
. 1 14092*08 
•201612*08 
.880882*07 

• 49228c+07 
. 873802**07 

• 688372*0 7 
. i 71602*08 
. 108298+10 
. 88 539 t 07 
.283942-07 
.264828*07 
. U9L6938+07 
.283822+07 
.304318*07 
.33 69 28+07 
• 40024E+07 

• 362838+07 
.312628*07 
.2449 42*07 
.173122+07 
.150802+07 
.996842+06 
. 633442+06 

• 405902+06 
.258488*06 
.158478*06 
•946822+05 
.595728+05 


lOiAL 

• 5 78 68 8+ 09 

• 7 ‘ 10058*0 9 
. 924o6i : »»9 
. I 800 68* 10 
.192278+10 
.218482+10 
.247528*10 

• 26721 2+ 10 
•295908' 10 
.309672*10 
.335412+10 
. 861872' lw 
.910578 1W 
.924768+10 
.9 39008+10 
.948858+10 
.961548+10 
.976768+10 
.993608+10 
. 101362+ 1 1 
. 1031 7t+ 1 l 
. 104742+1 1 

• 105962+1 1 
. 106398+11 
. 107152+11 
. 107658+11 
. 107968+11 

• 108168+11 
. 108298+11 
. 108378*11 
• 108428+11 
• 108452 + 1 1 
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’IT” 






“f to “■ 



ZINC 


»% mV 6 

V 16 LU 

c > 1 0 * 

0.1354 

6 40 * 

0.1224 

8 60 * 

0. 1144 

890 . 

0. 1034 

911 * 

0.0950 

920 * 

0.0912 

950 . 

0.0794 

990 . 

0.0660 

1027 . 

0.0536 

1040 . 

0.049 6 

1090 . 

0.0367 

1130 * 

0.0289 

1180 * 

0.021 A 

1200 *- 

0.0190 

1215 . 

0 . 01-67 

1220 — 

0.0160 

1275 . 

0.0101 

1323 . 

0.0066 

1375 . 

0.0043 

1425 . 

0.0026 

147 5 . 

0 • 00 1 4 

1525 . 

0.0008 

1575 . 

0.0004 

1 625 * 

0.0002 

1675 . 

0.0001 

1725 . 

0.0000 

1775 . 

0.0000 

1800 * 

0.0000 

1850 . 

0.0000 

1900 * 

0.0000 

1950 . 

0.0000 

2000 * 

0.0000 


Li'Irt/OMi'lU 

.338426+09 

• 244740 09 

• 48051 6»09 
.413696+09 

• 1 1 88 1 009 
,136766+09 

• 436a!)t+U9 
.329906+09 
.208996+09 
.232986+09 
>• l bl 63009 
.239906+09 

• 1 1 7816+09 
.22230009 
.451876+10 
.41712009 

• 1 1889 0 09 
. 1 1 683009 

• 791 32008 

• 96400006 
. 105396+09 

• 10640009 

• 1 1 5266+09 
.93-3720 08 
.70626 0 08 

• 485386+08 

• 15046008 

• 24800008 
.11731008 
. 84000007- 
.18739 0 07 
.64620006 


tl’Ul/H 

• 1 1281008 

.12237008 

. 1 601 7008 

. 196996+08 

. 132016+08 

. 488876+07 

• 109146+08 

. 891616+07 

. 160766+08 

• 468966+07 

.40408 6+07 

. 479816+07 

. 889046+07 

. 148206+08 

. 903756+09 

. 758406+07 

. 237776+07 

. 233666+07 

. 158266+07 

. 192806+07 

. 210786+07 

• 212806+07 
. 230526+07 
. 186746+07 
. 141256+07 
. 970756+06 

• 601836+06 
. 490006+06 
. 234636+06 

• 108006+06 
.37 4776+05 
• 12924 E +05 


Iu ' ImL 

. 338426+09 
• 5831 66 -: 09 
. 106376+10 
. 147746+10 
. 159626+10 
. 173296+10 
.21 6956+10 
.- 249946+10 
. 270846+10 
. 294136+10 
. 310306+10 
. 334296+10 

♦ 346076+10 
. 368306+10 
.82017010 
. 861886+10 
. 873776+10 

• 885456+10 
.89337010 
. 903016+10 
. 913556+10 
. 924196+10 
. 935716+10 
. 945056+10 
. 952116+10 
.95697010 
.* 58476+10 
. 960926+10 
. 962096+10 
. 962636+10 
. 962826+10 
. 962896+10 
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